A Poisson queue with batch arrival and fixed batch service has been considered. In addition the server take compulsory vacation, the server may break down and the services are given in two stages. Also if the server break down the server may have to wait for a random period of time. For this model, using supplementary variable technique, the probability generating function of numbers of customers in the queue at various server states have been obtained. Some operating characteristics have been derived and numerical examples are given.
INTRODUCTION
The congestion situations encounter in computer, communication, manufacturing, production system, etc, can be modelled as queuing system with vacation. Several researchers have contributed significantly on vacation models [Takagi[18] , Lee et al [15] , Bacot etal [1] and Choudhury etal [2] , Ke [12] )]. Doshi [5] and Takagi [18] are the two excellent survey works on vacation queues, In many real life situations, the server may break downs. So that a more realistic queuing model is that which incorporates the assumption of unreliable server. Many researchers have contributed on queue with unreliable servers [Li et al[16] , Wang [20, 21] ]. Some more works on queuing with break down are Wang et al [22] and Ke [11] . Many researchers have studied the queuing model with unreliable server in different frame work and suggested ways and means to tackles related situation. Grey et al [7] incorporated the server breakdown on vacation queuing model. Haridass and Arumuganathan [8] studied M [X] /G/1 queuing system with unreliable server and with single vacation. Choudhury and Deka [2] investigated an M/G/1 unreliable server, Bernoulli vacation queue with two phases of service. Kalyanaraman and Nagarajan [10] , have analyzed a Poisson queue with batch arrival and batch service, in addition they assume that the server may take vacation and the server may breaks down. In most of the articles with unreliable server, whenever the system breaks down the repair process starts immediately. It is quite natural that as a result of a sudden break down, the server may have to wait for repairs to start, this time is called delay time [23] . In 2013, Choudhury and Deka [3] studied a batch arrival unreliable server, Bernoulli vacation queue with two phases of service and delayed repair. Ke etal[13] analyzed M [X] /G/1 queuing system with an unreliable server and repair, in which the server operates with a randomized vacation policy with multiple available vacation. The motivation of queuing model with two phases of services mainly comes from communication networks, in which messages are processed in two stages by a single server. This type of models has been studied by Krishna and Lee [14] . Some notable works are Doshi [6] , Selvam and Sivasankaran [17] , Kalyanaraman and Ayyappan [9] , Choudhoury etal [4] and Thangaraj and vanitha [19] .
In this article we consider an M [X] /G K /1 queue with unreliable server, compulsory vacation, two stage of service and with delayed repair. This type of queuing system exists in manufacturing industries, Transportation system etc. In manufacturing industries, after products are approved for transportation to customer shops, they are transported to the shops in bulks by trucks. After transporting the products, if no batch is available for transportation, the truck will be used for other work or the truck is sent for maintenance (vacation period). During the service period (transportation period), the truck may break downs the repair may not start immediately after a server break down occurs. The above situation can be modelled as an M [X] /G K /1 queue with unreliable server, compulsory vacation, two stage of service and with delay time.
The remainder of this article is organized as follows: Section 2 provides the model description and mathematical analysis. In section 3, we obtain some queuing characteristics of the model discussed in this paper. In section 4, we present some particular models. In section 5, we illustrate the model by some numerical examples. Finally, In section 6 we present a conclusion.
2.THE MODEL AND ANALYSIS
We consider and M [X] /G K /1 queueing system, where the number of customers arrives to the system at time instant follows a compound Poisson process with arrival rate  . The size of the successive arriving batches is a random variable with probability P{X=j}=C j ,whose probability generating function is defined by
The services are given in batches of fixed size 'K'. Each batch undergoes two stages of heterogeneous service provided by a single server on a first come first served basis. The service time random periods of the two stages follow different generally distributed random variables with distribution function Gi(x) and the density function gi(x) for i=0,1.
After completion of second stage of service, the server takes a compulsory vacation of random duration. The vacation period is also generally distributed with distribution function B(x).
In addition, the server may breakdown during a service and the breakdowns are assumed to occur according to a Poisson process with rate ' '. Once the server breakdown, the customer whose service is interrupted goes to the head of the queue. The duration of the repair period is generally distributed with distribution function H(x), When the system break down there may be a potential delay before the repair starts. W(x) be the distribution function of delay time which follow general distribution and w(x) be its density function. Immediately after the broken server is repaired, the server is ready to start its service. Further, we assume that the input process, server time, server repair time and vacation times are independent of each other.
The analysis of this model is based on supplementary variable technique and the supplementary variable is elapsed service time / elapsed vacation time / elapsed repair time.
We define the following probabilities and conditional probabilities: 
is the conditional probability that the completion of delay during the interval ) , ( dx x x  , given that the elapsed delay time is' x '.
is the conditional probability that the completion of repair during the interval ) , ( dx x x  , given that the elapsed repair time is' x '. The Markov process related to this model is 0} : t ', there are ' n ' customers in the queue, the server provides the 'i' th stage of service and (excluding the customer in service) the elapsed service time is ' x '. where i=1,2.
) , ( x t V n =Probability that, at time 't', there are 'n' customers in the queue and the elapsed vacation time is ' x ' ) , (
x t U n =Probability that, at time ' t ', there are 'n' customers in the queue and the elapsed delay time is ' x ' ) , (
x t R n =Probability that, at time ' t ', there are 'n' customers in the queue and the elapsed repair time is ' x ' ) (t Q n =Probability that, at time ' t ', there are n customers in the queue and the server is idle
The differential-difference equations for this model are
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),
The boundary conditions are
,
and the normalization condition is
For the analysis, We define the following probability generating functions 
Multiplying equation (4) by z n and applying   1 = n , we have n j n j n j n n n n n n n z
Multiplying equation (6) by z n and applying
Adding the above equation with equation (5), we have
Multiplying equation (8) 
Adding the above equation with equation (7) , we have
Multiplying equation (10) 
Multiplying equation (12) 
We add the equations (24) and (25), we get
Multiplying equation (13) by z n and applying
Multiplying equation (14) by z n and applying 
Integrating equation (19) partially with respect to ' x ' with the limits from '0' to ' x ', we have and integrating partially with respect to x , with limits from 0 to  .
Integrating equation (22) 
Integrating equation (23) partially with respect to ' x ', with the limits from '0' to ' x ', we have
Integrating equation (51) partially with respect to ' x ', with the limits from 0 to  , we have 
Here S(z) is the probability generating function of number of customer in the queue, independent of server state
)]
Substituting the value of S(1) in the above equation, we get Which is probability generating function of number of customer in the queue.
SYSTEM PERFORMANCE MEASURES
In this section, the system performance measures, the mean number of customers in the queue and idle probability have been presented. 
SOMR PARTICULAR MODELS
In this section, three particular models have been obtained by assigning particular forms to the parameters and to the distribution function.
PARTICULAR MODEL-01
In the above model, we assume that batch arrival size random variable X follows geometric distribution with probabililty n C = s s n 1 ) (1   for n 1  and s=1-t, then E(X)= s 1 . Also we assume that the service time random variables follows exponential distribution with mean 
The mean number of customers in the queue
If K=1,we have a model with batch service of size one. The probability generating function of number of customers in the queue, 
The mean number of customers in the queue 2 0 1 1) (
If K=1,and X=1, we have a model with single arrival and batch size of one. The probability generating function of number of customers in the queue
The mean number of customers in the queue 2 0
In this section, we present some numerical examples related to the models in section 4. We fix the values of
, K, s, and we vary the values of the arrival rate  . For various values of 0 z , we find the values of E(N). Also we find the values of Q. The results are presented in tables 1 to 3. From the values, it is clear that the idle probability decreases as the arrival rate increases. Which is very much coincide with our expectations. Also the mean number of customers in the queue increases, for increasing values of arrival rate. Again, which is very much coincide with our expectation. Surprisingly in all the models, If the zero 0 z increases from 1.00001 to 15, the mean number of customers in the queue considerably decreases. 
CONCLUTION
In this article, a single server batch arrival, heterogeneous two stage of batch service(fixed) queue with compulsory server vacation, unreliable server and with delay time has been completely analysed. To illustrate the analytical compatibility of the model we present some numerical examples by taking particular values to the parameters and particular form to the probability distribution. The model can be extended by taking the break down period as generally distributed
AKNOWLEDGEMENT
My sincere thanks to Sri Chandrasekharendra Saraswathi Viswa Mahavidyalaya (Deemed to be University), Enathur-631561, Kanchipuram for continuous support and encouragement during period of my Ph.D. Also I thank Annamalai University for allowing me to do my Ph.D at the department of Mathematics, Annamalai University, Annamalai Nagar, Chidambaram.
